The objective of this report is to demonstrate that the comparability of body-size distributions of aircrew personnel of Air Standardization Coordinating Cuimnittee (ASCC) member nations is such that protective equipment sized and designed to fit personnel of one member nation will fit personnel of all member nations as well. The research reported on in this publication compares the available anthropometry of the head and face of member ASCC nations, demonstrates their similarities, and tests the theoretical suitabilit The relevant data were assembled and tabulated to obtain an overview of what was available for comparative purposes ( Table 1) .
Although it is apparent that information on a number of useful dimensions for some populations is missing, there are sufficient data to undertake the analysis, It was found in compiling the results of these surveys that the data varied widely from survey to survey in terms of currency, number of head and face variables and completeness of measuring technique descriptions. The latter is of particular significance since the lack of detailed measurement descriptions or illustrations makes it difficult to determine whether measurements are comparable from one survey to another.
In this analysis, measurements were considered to be comparable on the basis of the similarity in variable names although, as will become apparent in the following discussion, this may not be a wholly valid assumption.
Shown on Table 1 are means and standard deviations ( ) for the dimensions of the head and face as well as for each sample's age, height and weight. The single concession made to known differences in measurement techniques is the indication by the letter "p" in front of the numerical value that the measurement for the RAF Head Survey (column 9) was made from standardized photographs of the head, and by the letters "pd" that a value was derived from two such measurements, normally by subtraction.
In Table 2 the USAF 1967 variable means are used as a base for comparison and all other group means shown as deviations from them.
(A minus sign indicates a sample mean is smaller than the USAF 1967 mean, and the absence of a sign indicates a positive value.)
The delta (A) values are in some instances not inconsiderable.
Using the variable head circumference, for example, we find the A ranging from +0.78 (RAAF Aircrew) to -1.26 centimeters (1965 USAF).
As a ratio of the base (USAF 1967) value, this is +1.4% * to -2.2% or 3.6% range in A's.
S.. Delta values must be approached with caution since they do not always reflect actual deviations between comparable samples; rather, they can often be the result of anomalies inherent in the data-gathering process. Among the common problems of anthropometric comparison are (1) variability in measuring techniques and/or landmarks used by different anthropometrists and (2) the variability in the composition (age, stature, weight, ethnic background, etc.) of the different populations surveyed.
It is obvious from some of the delta values in Table 2 that despite the similarity of variable names, different techniques/landmarks may have been employed.
We see, for example, that Minimum Frontal Arc (Variable 3) for the USAF 1965 sample is 12% less than the USAF 1967 value, raising the strong possibility that different forehead landmarks were used for the measurement. Deviations of this magnitude strongly suggest differences in landmark interpretation, especially when viewed in conjunction with the fact that for the same two samples the differences in Bitragion-Minimum Frontal Arc (Variable 5) are only 1%.
Further evidence that some variations in data are caused by differences in measuring techniques can be seen by studying Figures 1-3 in which the means, plus/or/minus two standard deviations, are plotted for three variables: head circumference (Figure 1) , head length (Figure 2) , and head breadth (Figure 3) .
The area between the dotted lines represents the plus/or/minus two standard deviations (95%) variance for the 1967 USAF sample.
It will be noted that the head circumference for the RAF 1971 Survey and the RAF Head Survey are essentially identical (Figure 1) , whereas the head length ( Figure  2 ) and head breadth means (Figure 3 ) of the RAF head study are approximately a standard deviation larger than the comparable dimensions of the RAF 1971 study. As noted above, in the RAF head study head circumference was measured in the traditional manner while the latter two variables were measured from photographs.
A second course of artifactual variability in comparing anthropometric head data from different surveys is the possible difference in age and general body size of the subject populations.
One means of demonstrating this kind of difference is to examine a survey in which one can assume that the measurement techniques are comparable throughout and compare the head data for specific subsets within that survey population.
The USAF 1965 survey, for example, contained a number of subsets and selected head measurements from three such groups and are shown in the following table. 
I
As can be observed, the range of age, stature and weight is considerable. Correspondingly, the range of the head measurements is also of noticeable magnitude.
The range of subgroups means from smallest to largest delta for head circumference is 1.59 cm; for head length, 0.42 cm; and for head breadth, 0.45 cm.
This level of variance approaches that for the samples tabulated in Table 1 , as can be seen in the following comparison. What is apparent from these comparisons is that the differences in head dimensions between the various ASCC groups are relatively small when viewed against the range of variability within any single sample.
With this factor in mind, it is of some interest to determine how well design criteria developed by one ASCC nation might accommodate service personnel from other ASCC nations.
Test of Anthropometric Comparability:
There is not, unfortunately, a great deal of published material on recommended anthropometric design criteria for helmet sizing. The recent publication by Simpson, Specimen Size Rolls for Aircrew Headgear Based on an Analysis of the Head Measurements of 2000 RAF Air Crew, contains a six-size head circumference sizing program similar to the one recommended by Zeigen for the USAF in 1960.
The American program has been widely used and the head forms developed as a part of this program are accepted as a standard by many military and industrial designers in the United States.
The key or sizing variable, head circumference, was not broken out into comparable head-size categories in the two sizing programs so, in order to make a comparison possible, the USAF 1967 data were reanalyzed to correspond to the six sizing categories recommended in the RAF program.
The results of this comparison are shown in Table 5 .
The table lists in columns the difference (A) in centimeters (USAF size category mean minus RAF size category mean), the average difference for the six size categories, disregarding sign SIAI), and this difference as a percent of the RAF mean value M).
The first *The 1972 RAF head data, measured from photographs, were excluded from the computation because the variance in the results would have unnecessarily skewed the results. In H
row of the table shows the difference in tariffs for the two samples.
The tariffs (ratio of number of subjects in the sizing category subgroup to total sample size) range in absolute difference from a minimum of 0.11 (Size 6) to a maximum of 3.65 (Size 2) with an average absolute deviation of 1.56% and includes 100% of the RAF sample and 99.75% of the USAF 1967 sample. This suggests that the head circumference distributions of the two samples were very similar, a conclusion reinforced by comparison of the mean head circumferences of the six subgroups. Scanning across the table, it can be seen that the differences in head circumference range from 0.01 to 0.11 cm with the average absolute difference of the six being 0.04 cm. The variables of head length and head breadth also show a very low order of difference as would be expected due to their rather strong relationship with head circumference. The remaining variables show a greater level of difference due, in part, to possible differences in measuring techniques but also partly due to the generally low level of relationship between most of the dimensions of the head and face. What this means, of course, is that by control of a key or sizing dimension, such as head circumference, we effectively control its variance and that of the dimensions most highly correlated with it but exert modest control of the variance of the other head and face dimensions. The standard deviations of the dimensions listed in Table 5 for each of the six sizing category subgroups were found to be virtually identical in most instances. This would mean that helmet design dimensions based on category means and standard deviations would be essentially the same for the two populations.
Conclusions.
It appears, therefore, that helmets or other headgear which aresuccessfully fitted for a member nation's flying personnel could be fitted with equal success to the flying personnel of other ASCC nations.
One final note: if anthropometric surveys are to be used for comparative purposes, it is of singular importance that anthropometric techniques be standardized or, if that is not possible, that measuring techniques be fully reported so as to facilitate assessment of their comparability.
